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ABSTRACT 

T h e  NC/NH/NSR rendezvous maneuvers are d e s i s n e d  
t o  move a v e h i c l e  from any a r b i t r a r y  p o i n t  i n t o  a c o e i l i p t i c  
o r b i t  a t  the d e s i r e d  a l t i t u d e  such t h a t  t h e  v e h i c l e  w i l l  
a r r ive  a t  a g iven  e l e v a t i o n  a n g l e  w i t h  r e s p e c t  t o  the target  
a t  t h e  d e s i r e d  t i m e .  

A UNIVAC 1108 FORTRAN V s u b r o u t i n e  c a p a b l e  of 
t a r g e t i n g  these maneuvers has  been w r i t t e n  fo r  u s e  w i t h  
Bellcomm's Naviga t ion  and Guidance S imula to r  ( N A G S ) .  T h i s  
r o u t i n e  is  c a p a b l e  o f  computing p r e c i s i o n  integrated or 
c o n i c  s o l u t i o n s .  The NC/NH/NSR t a r g e t i n g  r o u t i n e  can  be 
used  t o  target the f irst  two maneuvers i n  t h e  Skylab Rendez- 
vous P ro f i l e .  

T h i s  memorandum is one of the series w h i c h  w i l l  
u l t i m a t e l y  be collected t o  form the documentation f o r  t h e  
Nav iga t ion  and Guidance S imula tor .  

(NASA-CR-113928) NAGS DOCUHENTATION - A 
COMPUTEB R O U T I N E  FOB T A R G E T I N G  THE NC/NH/NSF 
R E N D E Z V O U S  PROFILE [Bellcomrs, Inc,) 
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MEMORANDUM FOR FILE 

I. I n t r o d u c t i o n  

The o b j e c t i v e  of t h e  NC/NH/NSR rendezvous maneuver 
sequence i s  t o  o b t a i n ,  a t  a specified time, a desired phase 
and he igh t  r e l a t i o n s h i p  of an a c t i v e  rendezvous v e h i c l e  rela- 
t ive  t o  a p a s s i v e  v e h i c l e .  
a r e  a s  follows: 

T h e  i n d i v i d u a l  maneuver o b j e c t i v e s  

1. NC - a phase maneuver designed t o  a d j u s t  
the catch-up r a t e  of the a c t i v e  v e h i c l e  
w i t h  r e s p e c t  t o  t h e  p a s s i v e  v e h i c l e ,  

2 .  NH - a h e i g h t  maneuver designed t o  o b t a i n  
the d e s i r e d  c o e l l i p t i c  a l t i t u d e  f o r  t h e  
a c t i v e  v e h i c l e ,  and 

3 .  NSR - a maneuver t o  p l a c e  the a c t i v e  
v e h i c l e  i n t o  a c o e l l i p t i c  o r b i t .  

A p o s s i b l e  NC/NH/NSR p r o f i l e  i s  shown i n  F igure  1. 
F igure  1 is  a r e l a t i v e  motion p l o t  of  the a c t i v e  v e h i c l e  w i t h  
r e s p e c t  t o  t h e  pas s ive  veh ic l e  in l o c a l  v e r t i c a l  c u r v i l i n e a r  
coord ina te s  cen te red  i n  t h e  p a s s i v e  v e h i c l e  w i t h  the h o r i z o n t a l  
a x i s  along the  pass ive  veh ic l e  o r b i t .  

T h e  Skylab rendezvous p r o f i l e  shown i n  F igure  2 
c o n t a i n s  a modified NC/NH/NSR sequence. T h i s  sequence i s  
comprised of two NC maneuvers (shown a s  NC1 and N C 2 ) ,  a 
Lambert-targeted c o r r e c t i v e  combination maneuver CNCC) 
(desc r ibed  i n  Reference 1) i n  p l a c e  of  the NH maneuver, and 
t h e  NSR maneuver. W h i l e  t he  Skylab rendezvous does n o t  
follow t h e  exac t  sequence of the  NC/NH/NSR rendezvous, the 
t a r g e t i n g  of t he  NC maneuvers i s  i d e n t i c a l .  T h e  NSR maneuver 
i n  t he  Skylab rendezvous is t a r g e t e d  us ing  t h e  method of 
Reference 1, s i n c e  it i n c l u d e s  an out-of-plane c o r r e c t i o n  
i n  a d d i t i o n  t o  e s t a b l i s h i n g  the c o e l l i p t i c  o r h i t .  

The NC/NH/NSR t a r g e t i n g  r o u t i n e  was w r i t t e n  f o r  
u se  with B e l l c o r n ' s  Navigation and Guidance Simulator  CNAGSI . 
T h i s  r o u t i n e  i s  capable  of t a r g e t i n g  t h e  three maneuvers 



BELLCOMM, INC. - 2 -  

u s i n g  e i the r  p r e c i s i o n  i n t e g r a t i o n  w i t h  a f u l l  g r a v i t y  
model, o r  con ic  approximations f o r  p ropaga t ion  of the o r b i t s .  
Both c a p a b i l i t i e s  are needed i n  o r d e r  t o  s tudy  t h e  rendezvous 
maneuvers as they  would be computed by t h e  RTCC or by the  on- 
board computer. T h i s  memorandum t h e n ,  d e s c r i b e s  t h e  NC/NH/NSR 
rendezvous maneuvers a n d - t h e  a u t h o r s '  v e r s i o n  of  a r o u t i n e  
t h a t  t a r g e t s  them. 

11. Discuss ion  of t h e  NC/NH/NSR Rendezvous Maneuvers 

To  f u r t h e r  d e f i n e  the  NC/NH/NSR maneuvers and t o  
l i m i t  t h e  unknowns involved ,  several c o n s t r a i n t s  are imposed. 
These c o n s t r a i n t s  are d iv ided  i n t o  two c a t e g o r i e s :  t h o s e  
d e a l i n g  w i t h  t h e  maneuvers themselves and those invo lv ing  t h e  
complete NC/NH/NSR rendezvous sequence. T h e  c o n s t r a i n t s  on 
t h e  maneuvers are: 

1. T h e  NC and NH d e l t a - v ' s  are c o n s t r a i n e d  
t o  be i n  t h e  o r b i t  p l ane ,  and normal t o  
t h e  p o s i t i o n  vec to r .  

2 .  All maneuvers occur a t  an a p s i d a l  p o i n t  
i n  t h e  o r b i t .  

3 .  Following t h e  NSR maneuver, the v e h i c l e s  
must be i n  c o e l l i p t i c  o r b i t s .  

4 .  T h e  a c t i v e  v e h i c l e  w i l l  a r r i v e  a t  t h e  
d e s i r e d  T P I  cond i t ions  of e l e v a t i o n  ang le ,  
d i f f e r e n t i a l  a l t i t u d e ,  and t i m e .  

T h e  c o n s t r a i n t s  on t h e  NC/NH/NSR sequence are: - 

1. The numbers of h a l f  o r b i t s  between NC 
and NH and between NH and NSR can be 
v a r i e d  so long a s  t h e  t o t a l  NC t o  T P I  
time i s  n o t  v i o l a t e d .  

2. The m i n i m u m  a l t i t u d e  a t  w h i c h  N H  can 
occur  i s  t h a t  of t h e  p e r i g e e  of the 
i n s e r t i o n  p o i n t .  

3 .  There must be an odd number of half 
o r b i t s  between NH and NSR.  

I n  o r d e r  t o  o b t a i n  a s o l u t i o n  f o r  the NC maneuver, 
a l l  three maneuvers must be  cons idered  a long  w i t h  a l l  of the  
c o n s t r a i n t s .  Each of  the three maneuvers have, i n  g e n e r a l ,  
f o u r  a s s o c i a t e d  unknowns -- t h e  three components of t h e  v e l o c i t y  
r e q u i r e d  and t h e  time of the maneuver. T h e  c o n s t r a i n t s  and 
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t a r g e t  c o n d i t i o n s ,  t o g e t h e r  w i t h  three a d d i t i o n a l  i n p u t s ,  
make a unique s o l u t i o n  poss ib l e .  The three a d d i t i o n a l  i n p u t s  
s p e c i f y  t h e  p a r t i c u l a r  t i m e  a t  which t h e  NC maneuver i s  
t o  be performed, t h e  number of h a l f  o r b i t s  between 
NC and NH, and the  number of h a l f  o r b i t s  between NH and NSR.  
The s o l u t i o n  technique l i es  i n  i t e r a t i n g  on t h e  NC maneuver 
de l t a -v  t o  s a t i s f y  t h e  d e s i r e d  t i m e  of a r r i v a l  a t  t h e  desired 
T P I  s ta te .  Specifying a p a r t i c u l a r  va lue  of  NC d e l t a - v ,  
t o g e t h e r  wi th  t h e  number of  h a l f  o r b i t s  between NC and NH 
determines t h e  t i m e  and t h e  a r r i v a l  s ta te  v e c t o r  a t  t he  NH 
maneuver p o i n t .  T h i s  pre-NH s t a t e  v e c t o r ,  t h e  d e s i r e d  
c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e ,  and t w o  of t h e  c o n s t r a i n t s  -- 
r e q u i r i n g  an odd number of ha l f  o r b i t s  between NH and N S R  and 
r e q u i r i n g  only a h o r i z o n t a l  v e l o c i t y  component of de l t a -v  -- 
uniquely determine t h e  NH de l ta -v .  Therefore, NH must raise 
t h e  oppos i t e  aps ide  t o  t h e  desired c o e l l i p t i c  a l t i t u d e  w i t h  
a h o r i z o n t a l  component of de l ta -v  ( i .e . ,  a Hohmann t r a n s f e r ) .  
T h i s  de l t a -v  a t  NH and t h e  number of h a l f  o r b i t s  r equ i r ed  
between NH and N S R  s p e c i f y  t h e  a r r i v a l  s ta te  v e c t o r  a t  NSR. 
T h e  pre-NSR s t a t e  v e c t o r ,  t oge the r  w i t h  t h e  c o n s t r a i n t  t h a t  
t h e  N S R  maneuver must p l a c e  the  v e h i c l e  i n t o  a c o e l l i p t i c  
o r b i t ,  make p o s s i b l e  a unique s o l u t i o n  f o r  t h e  NSR maneuver 
de l ta -v .  Propagat ion of the  post-NSR s t a t e  v e c t o r  forward 
i n  t i m e  u n t i l  t h e  d e s i r e d  TPI  l i ne -o f - s igh t  e l e v a t i o n  ang le  
i s  achieved produces a va lue  of  t i m e  which may o r  may n o t  
match t h e  d e s i r e d  t ime. T h e  problem i s  repea ted  w i t h  d i f f e r e n t  
va lues  of NC de l t a -v  u n t i l  t h e  desired time i s  achieved. 

The va lues  f o r  the three a d d i t i o n a l  i n p u t  parameters  
a r e  selected by the  "user"  and s e l e c t i o n  of "wrong" va lues  
w i l l  g e n e r a l l y  be g r o s s l y  obvious. T h e  key parameter t o  w a t c h  
i s  t h e  a c t i v e  v e h i c l e  a l t i t u d e  one-half o r b i t  a f t e r  t h e  NC 
maneuver. T h e  a l t i t u d e  should be equal  t o  o r  g r e a t e r  than  
t h e  pre-NC pe r igee  and equa l  t o  o r  l o w e r  than  t h e  c o e l l i p t i c  
a l t i t u d e .  Otherwise, a t  l eas t  one o f  t h e  three maneuvers 
w i l l  be r e t r o g r a d e  and t h e  t o t a l  delta-v costs w i l l  be r a t h e r  
high.  I t  should be emphasized, however, t h a t  more than  one 
set  of va lues  f o r  t h e s e  inpu t  parameters  may produce the  des i red  
rendezvous. Therefore  o p e r a t i o n a l  c o n s i d e r a t i o n s ,  such as t h e  
t r a c k i n g  a v a i l a b l e ,  are usua l ly  taken  i n t o  account  when s e l e c t i n g  
t h e s e  i n p u t  va lues .  

The NH maneuver of  t h i s  sequence i s  t a r g e t e d  a f te r  
implementation of t h e  NC maneuver. A t  t h i s  p o i n t  i n  t h e  
sequence, i t  may no t  be p o s s i b l e  t o  achieve the d e s i r e d  end 
c o n d i t i o n s  if there w e r e  naviga t ion  or  implementation e r r o r s  
f o r  t he  NC maneuver. Therefore  t he  Na maneuver only achieves  
t h e  d e s i r e d  c o e l l i p t i c  a l t i t u d e .  T h i s  maneuver i s  computed 
as a Hohmann t r a n s f e r  i n  which t h e  d e s i r e d  a l t i t u d e ,  an odd 
number of h a l f  o r b i t s  l a t e r ,  i s  obta ined  by a h o r i z o n t a l  
de 1 ta -v  . 



BELLCOMM, INC. - 4 -  

The NSR maneuver i s  t a r g e t e d  a f te r  NH i s  implemented. 
T h i s  maneuver can do nothing t o  a d j u s t  t h e  c o e l l i p t i c  a l t i t u d e  
o r  t o  i n s u r e  t h a t  t h e  des i r ed  T P I  cond i t ions  a r e  m e t .  T h e  
maneuver w i l l  only p l a c e  t h e  v e h i c l e s  i n  c o e l l i p t i c  o r b i t  a t  
t h e  i n p u t  t i m e .  This maneuver uses  t h e  MIT c o e l l i p t i c  v e l o c i t y  
express ion  (Refe rence  2). 

111. - The NC/NH/NSR Rendezvous Targe t ing  Routine 

The NC/NH/NSR rendezvous t a r g e t i n g  r o u t i n e  w a s  
w r i t t e n  i n  FORTRAN V for  t h e  UNIVAC 1 1 0 8  computer. T h i s  
sub rou t ine ,  named THREE, w a s  designed f o r  use w i t h  Bellcomm's 
Navigation and Guidance Simulator.  Appendix A con ta ins  t h e  
i n p u t  and ou tpu t  parameter code names and t h e  l i s t  of which  
parameters  are r equ i r ed  f o r  each maneuver. Appendix B c o n t a i n s  
a f l o w  diagram of t h e  t a r g e t i n g  r o u t i n e .  T h e  fol lowing 
d i scuss ion  o u t l i n e s  s e v e r a l  f e a t u r e s  implemented i n  the 
a u t h o r s '  t a r g e t i n g  subrout ine.  

The au tho r s  developed t h e  r o u t i n e  t o  have t h e  
c a p a b i l i t y  t o  t a r g e t  a rendezvous us ing  e i t h e r  p r e c i s i o n  
i n t e g r a t i o n  w i t h  a f u l l  g r a v i t y  model, o r  con ic  p r o j e c t i o n s  
over  a s p h e r i c a l  earth.  The non-spherical  g r a v i t y  model, 
however, causes  t h e  p lanes  of the a c t i v e  and pass ive  v e h i c l e s  
t o  p recess  a t  d i f f e r e n t  rates and hence the  t w o  o r b i t a l  p l anes  
are no t  a l igned  a t  a l l  i n s t ances  of  t i m e .  T h i s  non-spherical  
g r a v i t y  a lso complicates  t h e  problem of determining t h e  l i n e -  
o f -aps ides  of  an o r b i t .  Thus, the  i n c l u s i o n  of the  non-spherical  
g r a v i t y  model brough about t h e  a d d i t i o n  of c e r t a i n  approximations 
r e l a t i n g  t o  t h e  s o l u t i o n  of these t w o  problems. 

T h e  d i f f e r e n t  rates of precess ion  depend on 
i n i t i a l  p l ana r  r e l a t i o n s h i p  a t  NC, t h e  r e l a t i v e  o r b i t a l  
a l t i t u d e ,  and t h e  i n c l i n a t i o n s .  S ince  t h e  NC/NH/NSR maneuvers 
are powerless t o  add an out-of-plane de l t a -v  t o  correct f o r  
t h i s  p l ana r  d i f f e r e n c e ,  a plane change maneuver must b e  added 
t o  t h e  rendezvous i n  o rde r  t o  arrive a t  T P I  in-plane.  For 
t h i s  reason,  t h e  NC t a r g e t i n g  assumes t h a t  t h e  a c t i v e  vehicle 
s ta te  a f t e r  t h e  N S R  maneuver i s  coplanar  w i t h  t h e  pas s ive  
v e h i c l e .  T h i s  i s  accomplished by p r o j e c t i n g  the active v e h i c l e  
p o s i t i o n  and v e l o c i t y  vectors i n t o  t h e  pas s ive  v e h i c l e  p l a n e  
a t  t h e  NSR po in t .  The p ro jec t ed  v e c t o r s  a r e  then  l i n e a r l y  
s c a l e d  i n  o r d e r  t o  p re se rve  the  o r i g i n a l  magnitudes. T h i s  
procedure w a s  t e s t e d  and determined t o  have n e g l i g i b l e  e f f ec t  
on any of t h e  d e l t a - v ' s  requi red .  

T h e  rendezvous t a r g e t i n g  presumes t h a t  maneuvers 
W i l l  be s epa ra t ed  by i n t e g e r  m u l t i p l e s  of 180° of motion 
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and t h e r e f o r e  on a manever l i n e  i n  t h e  o r b i t  plane.  
s i n c e  t h e  o r b i t  p lane  precesses ,  t h e  maneuver l i n e  e s t a b l i s h e d  
a t  NC must be p r o j e c t e d  i n t o  t h e  in s t an taneous  p l anes  a t  
NH and a t  NSR. Rota t ion  of t h e  l i n e  of aps ides  due t o  
p e r t u r b a t i o n s  have no e f f e c t  on t h e s e  maneuvers. S t u d i e s  
of rendezvous r e q u i r i n g  up t o  s i x t e e n  o r b i t s  i n d i c a t e  t h a t  
t h i s  i s  a s a t i s f a c t o r y  o p e r a t i o n a l  method. 

However, 

T h e  i t e r a t i o n  loop i n  the a u t h o r s '  r o u t i n e  f o r  
computing t h e  NC de l t a -v  d i f f e r s  i n  one d e t a i l  from t h a t  
desc r ibed  i n  Sec t ion  11. T h e  a u t h o r s '  r o u t i n e  f irst  i n t e g r a t e s  
t h e  pass ive  v e h i c l e  t o  the TPI time. T h e  a c t i v e  v e h i c l e  s t a t e  
a t  T P I  i s  then  cons t ruc t ed  using the s p e c i f i e d  T P I  cond i t ions .  
T h i s  a c t i v e  s ta te  i s  then  p ro jec t ed  backwards i n  t i m e  t o  t h e  
maneuver l i n e .  T h i s  l o c a t e s  t h e  NSR maneuver. T h i s  a c t i v e  
s t a t e  a t  NSR i s  then  saved f o r  u se  i n  the NC i t e r a t i o n .  T h e  
r o u t i n e  i t e r a t e s  f o r  t h e  del ta-v a t  NC u s ing  this N S R  s ta te  
as the  t a r g e t  p o i n t  i n s t e a d  of advancing e a c h  t r i a l  s t a t e  t o  
t h e  T P I  t i m e  t o  check t h e  e l e v a t i o n  angle .  T h i s  is done t o  
save computer t i m e  i n  t h e  maneuver t a r g e t i n g .  

The t a r g e t i n g  subrout ine  uses  a Newton-Raphson 
i t e r a t i o n  technique f o r  t h e  NC maneuver. 
r e q u i r e s  two i n i t i a l  p o i n t s  and  then w i l l  supply the t r i a l  
va lues  f o r  NC de l ta -v .  The loop i s  i n i t i a l i z e d  by us ing  a 
t r i a l  va lue  fo r  NC de l t a -v  t h a t  would raise, in con ic  motion, 
t h e  a l t i t u d e  one h a l f  o r b i t  from NC t o  the average of the NC 
and NSR a l t i t u d e s .  T h e  second t r i a l  d i f f e r s  f r o m  the first 
t r i a l  by 1 0  ft/sec i n  the d i r e c t i o n  t o  l e s s e n  the error. Once 
i n i t i a l i z e d ,  the i t e r a t i o n  w i l l  u s u a l l y  converge w i t h i n  three 

T h i s  i t e r a t i o n  loop 

loops.  

As mentioned earlier,  this subrou t ine  i s  capable  of 
computing either a conic  or a p r e c i s i o n  i n t e g r a t e d  rendezvous. 
I n  t h e  case  of the  p r e c i s i o n  s o l u t i o n ,  however, t h e  conic  
s o l u t i o n  i s  a l s o  computed i n  order  t o  provide t h e  i n i t i a l  
estimates and s e n s i t i v i t i e s  f o r  t h e  p r e c i s i o n  i t e r a t i o n .  

10 2 5 -E:- 1 i R.  C.  Purkey d 
Attachments 
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A P P E N D I X  A 

T h e  i n p u t  and output  v a r i a b l e s  r equ i r ed  fo r  the  
va r ious  maneuvers computed by sub rou t ine  THREE are: 

NC Maneuver 

I N P U T :  

MANEUV - 1 fo r  NC maneuver 
I A  - p o i n t e r  t o  a c t i v e  s ta te  v e c t o r  
I P  - p o i n t e r  t o  pass ive  s t a t e  vec to r  
TNCI - t i m e  of the NC maneuver (sec) 
A P C l H  - d e s i r e d  number of h a l f  pe r iods  from NC t o  NH 

APHSR - d e s i r e d  number of h a l f  pe r iods  from NH t o  N S R  

DELTAH - c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e  (nm)  - p o s i t i v e  

TTPI  - t i m e  of T P I  (sec)  
ELLV - e l e v a t i o n  angle  desired a t  T P I  (degrees)  
PMU - g r a v i t a t i o n a l  cons tan t  ( f t3 / sec2 )  
I P M C  - p r e c i s i o n  f l a g :  =1, r e t u r n  p r e c i s i o n  s o l u t i o n ,  

IPRNT - p r i n t  i n d i c a t o r :  1 - p r i n t  v a r i a b l e s  wi th in  

(must be odd) 

f o r  c o e l l i p t i c  o r b i t  below target o r b i t  

= 0 ,  r e t u r n  con ic  s o l u t i o n  

t a r g e t i n g  rou t ine  (see s e p a r a t e  l i s t ) ;  0 - do 
n o t  p r i n t  

OUTPUT: 

DLVNCl - The de l t a -v  requi red  a t  NC expressed i n  l o c a l  
v e r t i c a l  coord ina tes  of t h e  a c t i v e  v e h i c l e  a t  
NC t i m e .  The components are (up, forward, o u t  
of p lane)  ( f t / s e c )  

TNH - The computed t i m e  of t h e  NH maneuver (sec) 
TNSR - T h e  computed t i m e  of t h e  NSR maneuver (sec) 
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NH Maneuver 

INPUT: 

MANEW - 2 f o r  NH maneuver 
I A  - p o i n t e r  t o  t h e  a c t i v e  s t a t e  vector 
I P  - p o i n t e r  t o  t h e  pas s ive  s t a t e  vec to r  
APHSR - number of h a l f  pe r iods  from NH t o  NSR 
DELTAH - d e s i r e d  d i f f e r e n t i a l  a l t i t u d e  i n  c o e l l i p t i c  o r b i t  

(nm)  - p o s i t i v e  f o r  c o e l l i p t i c  a l t i t u d e  below 
t a r g e t  o r b i t  

TTPI  - t i m e  of T P I  maneuver (sec) 
PMU - g r a v i t a t i o n a l  cons tan t  (ft3/sec2) 
IPREC - p r e c i s i o n  f l a g :  =1, r e t u r n  p r e c i s i o n  s o l u t i o n  

IPRNT - p r i n t  i nd ica to r :  1 - p r i n t  v a r i a b l e  w i t h i n  
= 0 ,  r e t u r n  con ic  s o l u t i o n  

t a r g e t i n g  r o u t i n e  (see s e p a r a t e  l i s t ) ;  0 - do 
n o t  p r i n t  

TNH - t i m e  of t h e  NH maneuver (sec) 

OUTPUT : 

DLVNH - The de l t a -v  requi red  a t  NH expressed i n  local  
v e r t i c a l  coord ina tes  of t h e  a c t i v e  v e h i c l e  a t  
NH t i m e .  The  coord ina tes  are (up, forward, 
o u t  of p lane)  ( f t / s e c ) .  

TNSR - Computed t i m e  of t h e  N S R  maneuver (sec) 

NSR Maneuver 
I N P U T :  

MANEUV - 3 f o r  the NSR maneuver 
I A  - p o i n t e r  t o  a c t i v e - s t a t e  vec to r  

I P  - p o i n t e r  t o  pass ive  s ta te  v e c t o r  
TNSR - t i m e  of t h e  NSR maneuver (sec) 
TTPI - t i m e  of t h e  TPI  maneuver (sec) 
PMU - g r a v i t a t i o n a l  cons t a n  t (.ft3/sec21 
I P R N T  - p r i n t  i n d i c a t o r :  1 - p r i n t  v a r i a b l e s  wi th in  

t a r g e t i n g  r o u t i n e  (see s e p a r a t e  lilst1; 0 - do 
no t  p r i n t  

OUTPUT: 

DLVNSR - T h e  de l t a -v  requi red  a t  N S R  expressed in l o c a l  
v e r t i c a l  coord ina te s  of the act ive vehLcle a t  
NSR t i m e .  The c o o r d i n a t e s  are Cup, forward, 
o u t  of p lane)  (f t /sec) 
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The v a r i a b l e s  p r i n t e d  when t h e  f l a g  IPFWT i s  s e t  
equa l  t o  1 are: 

NC Maneuver 

RANSR - p o s i t i o n  vec tor  a t  NSR ( f t )  
VANSR - v e l o c i t y  vec to r  a t  IJSR ( f t / s e c )  
TNSR - t i m e  of NSR (sec) 
A N G l  - c e n t r a l  a n g l e  from NSR t o  T P I  (deg) 
ANG2 - A N G 1 + 1 8 0 °  (deg) 
VBURN - p o s i t i o n  vec to r  of MANEUVER l i n e  ( u n i t  v e c t o r )  
DLVNCl - del ta -v  requi red  a t  NC maneuver ( f t / s e c )  
DLVNH - del ta -v  requi red  a t  NH maneuver ( f t / s e c )  
DLVNSR - del ta -v  requi red  a t  PJSR maneuver ( f t / s e c )  
T N C l  - t i m e  of NC1 maneuver (sec) 
TNH - t i m e  of NH maneuver (sec) 
TTPI  - t i m e  of T P I  maneuver (sec) 
XTNSR - t i m e  a r r i v e  a t  t a r g e t  NSR p o i n t  (sec) 
RA2 - p o s i t i o n  vec tor  a t  NH ( f t )  
VA2 - v e l o c i t y  vec tor  a t  NH ( f t / s e c )  
RA3 - p o s i t i o n  vec to r  a t  N S R  ( f t )  

VA3 - v e l o c i t y  vec to r  a t  NSR ( f t / s e c )  

NH Maneuver 

ICOUNT - i t e r a t i o n  counter  
TEMP3 - error i n  he igh t  ( a l t i t u d e  now - a l t i t u d e  

DVCOR - change i n  de l ta -v  a t  NH f o r  t h i s  i t e r a t i o n  

TEMP4 - e r r o r  i n  a l t i t u d e  of l a s t  i t e r a t i o n  ( f t )  
D V l  - t o t a l  del ta-v r equ i r ed  ( .f t /sec) 

desired)  (f t) 

( f t/sec) 

NSR Maneuver 

AA - semi-major a x i s  of t h e  a c t i v e  v e h i c l e  ( f t )  
A P  - semi-major a x i s  of t h e  pas s ive  v e h i c l e  ( f t )  
T V 1  - p o s i t i o n  vector of a c t i v e  s t a t e  a t  NSR t h e  

T V 2  - v e l o c i t y  vec to r  of a c t i v e  s t a t e  a t  NSR time 
(ft) 

( f t /sec 
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NSR Maneuver ( c o n t ' d )  

TV3 - p o s i t i o n  vec to r  of pas s ive  s t a t e  a t  NSR 

TV4 - v e l o c i t y  v e c t o r  of pas s ive  s t a t e  a t  

VAV - v e r t i c a l  v e l o c i t y  r equ i r ed  f o r  t h e  

VAH - h o r i z o n t a l  v e l o c i t y  r equ i r ed  f o r  t h e  

t i m e  ( f t )  

NSR t i m e  ( f t / s e c )  

a c t i v e  v e h i c l e  a t  NSR Cft/sec) 

a c t i v e  v e h i c l e  a t  NSR ( f t / s e c )  
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APPENDIX B 

Subrout ine THREE performs t h e  computation of t h e  
NC/NH/NSR sequence. The l o g i c  flow diagram t h a t  fo l lows  shows 
t h e  s t e p s  involved f o r  each maneuver. 

The r o u t i n e  u t i l i z e d  t h e  MIT Conic Subrout ines  
(Reference 3)  t h a t  a r e  used i n  t h e  Apollo Guidance Computer 
f o r  t h e  conic  c a l c u l a t i o n s .  These r o u t i n e s  are presented  i n  
Reference 2 .  Subrout ine THREE a l s o  uses  a r o u t i n e  f o r  advancing 
t h e  s t a t e  v e c t o r s  by p rec i s ion  i n t e g r a t i o n .  

The f l a g  i n d i c a t i n g  p r e c i s i o n  or  conic  c a l c u l a t i o n  
i s  I P R E C .  This  f l a g  i s  set  equal t o  1 f o r  p r e c i s i o n  and 0 f o r  
con ic  c a l c u l a t i o n s .  I f  a p r e c i s i o n  s o l u t i o n  i s  r equ i r ed ,  t h e  
f l a g  i s  i n i t i a l l y  reset t o  0 and a r e t u r n  f l a g  0 ( IRETRN) i s  
set .  Upon convergence of t h e  conic  s o l u t i o n ,  t h e  p r e c i s i o n  
f l a g  i s  set  back t o  1 and t h e  c a l c u l a t i o n s  a r e  aga in  made using 
t h e  s e n s i t i v i t i e s  and d e l t a - v ' s  determined by t h e  conic  
s o l u t i o n  as i n i t i a l  e s t ima tes  f o r  t h e  p r e c i s i o n  c a l c u l a t i o n s .  

The maneuver f l a g  (MANEUV) i n d i c a t e s  the burn being 
t a r g e t e d .  The NC, NH and N S R  maneuvers are coded 1, 2 ,  and 3 
r e s p e c t i v e l y .  
Therefore ,  i f  an NH o r  N S R  maneuver i s  d e s i r e d  i n  some o t h e r  
p r o f i l e ,  t h i s  r o u t i n e  may be used by s e t t i n g  t h e  maneuver f l a g  
and then  inc lud ing  t h e  requi red  inpu t  d a t a  given i n  Appendix A. 

Each of t h e s e  maneuvers are independent computations.  



SUBROUTINE THREE 

5 -  

ENTER 

INPUT: 
IA, IP, TIPI, ELLV, APCIH, APHSR, PMU, IPREC, DELTAH, MANEUV, IPRNT, 

IPREC = 1 

I TNC1, TNH, TNSR I 
I 

5 -  

PROBLEM SETUP: 

-- 
4 I 

IPREC = 1 I=== 

1 

NCOUNT = 0 
IRETRN = 0 
ICOUNT = 0 

USE MIT KEPLER TO ADVANCE 
PASSIVE STATE TO TTPl 
FROM TNCl  OBTAINING TV1, TV2 

INTEGRATE PASSIVE STATE TV3 & 
TV4FROM TNCl TO TIME OFTPI(TTPI) 
OBTAINING T V l .  TV2 

0-a MANEUV. EQ. 2 

1 No 02-Q MANEUV. EO. 3 

IPREC = 0 
IRETRN = 1 

I 
INTEGRATE ACTIVE AND PASSIVE STATE TO 
TIME OF NC (TCN1) OBTAINING RA1, VA1 & 
TV3, TV4 RESPECTIVELY 

VECTOR AND COMPUTE THE 
CORRESPONDING COE L LlPTlC VELOCITY 
VECTOR AT TPI 



t 
PROJECT MANEUVER LINE WHICH WAS DEFINED 
BY THE NC ACTIVE STATE POSITION VECTOR INTO 
THE ACTIVE VEHICLE PLANE AT TPI. DEFINE NSR 
TO OCCUR AT THE POSITION OF MANUEVER LINE 
BEFORE TPI 

USE THE MIT TIME THETA ROUTINE 
TO ADVANCE ACTIVE TPI STATE 

STORE NSR STATE FOR FUTURE 
BACKWARDS TO THE NSR TIME - 

REFERENCE (RhsR)  

INTEGRATE ACTIVE TPI STATE TO 

FUTURE REFERENCE (RhSR) 
NSR - STORE NSR STATE FOR 

COMPUTE FIRST GUESS OF A V  

NEEDED TO INCREASE ALTITUDE 
OF ACTIVE VEHICLE HALF WAY 
TO THE COELLIPTIC ALTITUDE 

NEEDED AT NCI - (AMOUNT 

3 ’  t 

i 

+ 
USE CONIC SOLUTION FOR FIRST 
GUESS OF ACTIVE VEHICLE A V  
AT NCI 

4 -  

I A 

c 5  NO YES 

IMPULSIVELY IMPLEMENT THE 
AV COMPUTED FOR NC1 

I 
ICOUNT = 0 Q 

# 



USE MIT THETA ROUTINE TO ADVANCE THE NCI ACTIVE STATE TO NH 
THROUGH THE GIVEN NUMBER OF 180' HALF ORBITS 

. 

USE CONIC COMPUTATIONS TO DETERMINE INITIAL GUESS OF A V  NEEDED 
TO OBTAIN COELLIPTIC ALTITUDE 

I 
t 

1 

A 

4 
I 

AV = AV + SEN * E'< 

IMPLEMENT A V  AS AN 
IMPULSIVE MANEUVER 

. 

ADVANCE ACTIVE STATE 

BER OF HALF PERIODS TO 

TINE 

THROUGH THE GIVEN NUM- 

NSR WITH MIT THETA ROU- 

h I NO 

NO ICOUNT = ICOUNT + 1 
c 

R~~~ E = RhsR - 

YES 
1 ,  - -  

I 

AV = AV + AvcoRR 
E = Eo 

t 

I 

Eo = E r- AVO = A V  

Lf- 
AVO = AV COMPUTE 

CONIC CORRECTION, 
NEEDED (AVCoR) 

4 



I 
t 

1 
INTEGRATE ACTIVE STATE FROM NC THROUGH THE GIVEN NUMBER OF 
HALF ORBITS TO NH STOPPING ON THE MANEUVER LINE -OBTAIN NH STATE 

Eo = E 

t 

USE PREVIOUS SOLUTION OF NH AV AS FIRST GUESS OF AV REQUIRED 

IMPLEMENT AV AS AN 
IMPULSIVE MANEUVER 

I 

SEN = AVO - AV Eo = E + 
E o - E  Avo = AV INTEGRATE ACTIVE STATE 

THROUGH THE GIVEN NUM- 
BER OF HALF ORBITS TO 
NSR STOPPING ON THE 
MANEUVER LINE 

NO 

NO ICOUNT = ICOUNT + I  
4 

E = R'NSR - R ~ ~ ~  

1 YES 

El 



. 

GAMMO = GAMMA 

AvNCI = AvNCl- 

YES AVNCI, = AVNCI 
t. 

w 

- 3  

AvNCIo = *'NCI 

GAMMO = GAMMA 

# 

WRITE ERROR MESSAGE 
AND RETURN WITH AVNCl YES 

OF LAST ITERATION 

AND TNH 

A 

i 

SL = (GAMMO -GAMMA) 

AvNCI + A v N C l ~  

DV1 = GAMMA/SL 

i 

3 
J 



NH MANEUVER (;7 

INTEGRATE ACTIVE STATE 
TO TIME OF NH 

J 

COMPUTE DESIRED NSR ALTITUDE 
FROM THE PASSIVE STATE AND 
THE VALUE OF AH GIVEN (RNs~,) 

USE CONIC AV THAT WOULD BE 
REQUIRED TO GET PROPER NSR 
ALTITUDE AS FIRST GUESS 

INTEGRATE ACTIVE STATE 

BER OF HALF PERIODS TO 
NSR (G+RNsR) 

THROUGH THE GIVEN NUM- 

, 

AV = AV+SEN * E + 

i 

* AV = AV + AVc 

I IMPLEMENT BURN IMPULSIVELY I 

YES 
r 9  

b 

r 

COMPUTE BY CONICS 
THE AV NEEDED TO 
CORRECT THE ERROR 

GET AVc 

ICOUNT = ICOUNT + 1 

I No 

ICOUNT. EO. 1 
YES 

E = RNSR - RNSR 
SEN = AVQ - AV 



Q 
INTEGRATE ACTIVE STATE TO 
TIME OF NSR . 

NSR MANEUVER 

9 - - 

1 1  
. 

COMPUTE ELEVATION ANGLE AT 

IMPLEMENT BURN IMPULSIVELY 

* 

RETURN 

AVNM, TNSR 
ELLV. 

t 

RETURN: 

ELLV @ TPI 
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